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1. Executive summary 
The Moonie field is located in the Surat Basin in southeast Queensland and was discovered by Union 
Oil in late 1961. It was the first commercial oil discovery in Australia and oil production began in 1964 
with its highest oil production rate of ~9000 STB/day in 1966 (O'Sullivan et al. 1991). The oil 
production started declining since then and is currently producing oil at rate of about ~130 STB/day 
with over 99% water cut. The Moonie field has two oil bearing formations, the Evergreen Formation 
and Precipice Sandstone. The Evergreen Formation “56 sand” is equivalent to a sand within the UQ-
SDAAP Transition Zone has limited production history. The Precipice Sandstone “58 sand” is 
equivalent to the UQ-SDAAP Blocky Sandstone Reservoir is the main producing reservoir. A total of 
44 wells have been drilled in this field of which 11 have been plugged and abandoned thus far. There 
are currently 11 wells on production. Moonie wells 1-18 were drilled before the start of production and 
Moonie wells 19 onwards are drilled after production had begun. The total cumulative oil production 
for the field has been about 24 MMSTB oil which makes an approximate 38% recovery factor 
assuming STOOIP of 64 MMSTB (Barakat 2017). Bridgeport Energy (the current Moonie field 
operators) is currently undertaking a review on Moonie field to better estimate the remaining oil 
volume in the reservoir and the potential for future development such as infill drilling and CO2 
enhanced oil recovery (EOR). 
Bridgeport Energy provided the UQ-SDAAP project with full access to Moonie field data such as well 
completion reports (WCR), drill stem tests (DST), wireline logs, 50 years of production data from both 
the 56 and 58 sands and the Bridgeport Energy static and dynamic models. The dynamic model was 
used to further review the History Matching (HM) work done by Bridgeport Energy and to examine key 
uncertain parameters that could be modified for better HM results. The sensitivity analysis conducted 
in this study was mainly informed by historical Moonie data provided, as well as UQ-SDAAP new 
geological/geophysical findings.  
The review confirmed the view that sands present in the Transition Zone were likely poorly connected 
and not connected to the main Blocky Sand Reservoir (BSR). Oil saturations, pressure and 
production data are consistent with patchy reservoir development. In the main BSR reservoir, there is 
significant aquifer support, indicating that at regional scale the Moonie Fault is not a major barrier to 
flow (or pressure). Analysis of virgin, free water levels (FWL) indicates that BSR reservoir may be 
compartmentalised by small faults which are oblique to the main Moonie Faults; alternatively, there 
may be a “tilted” contact (resulting from strong aquifer drive). If faults do locally influence pressure 
communication, their presence in the UQ-SDAAP identified sites, will need to be determined by 
suitable seismic surveys in a future appraisal program. The BSR is mineralogically distinct from BSR 
reservoirs studied in the northern and MAR areas. A different provenance or proximity to provenance 
may be indicated. Given the nature of the Moonie Fault and associated inversion, the more recent 
diagenetic history of the Moonie area is clearly distinct from the basin centre areas of most interested 
to UQ-SDAAP. At small scale, from core data, the BSR permeability appears relatively 
heterogeneous, at DST and production scale this is not obviously the case.  
The lessons learnt from this work were used to calibrate models for the UQ-SDAAP notional injection 
site, in the south-central Surat Basin. 
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2. Production test and DSTs in Moonie wells 
Production tests (PT) and/or DSTs were conducted historically in all 44 wells drilled to evaluate their 
productivity, fluid type and free water level (FWL) from one or both of the 56 and 58 Sands. Figure 1 
summarises the fluid type recovered during initial DST operations in wells testing the 56 Sand and 
used to estimate the FWL.   
Figure 1 Fluid type recovered during initial DST operations from wells testing the 56 Sand (UQ-
SDAAP Transition Zone). 
 
The UQ-SDAAP project analysed all DSTs which had interpretable pressure-time data for the Moonie 
field wells. The summary of recovered fluid as well as extrapolated reservoir pressures are reported in 
Figure 2. The virgin FWL for the 56 sand (UQ-SDAAP Transition Zone) estimated by Bridgeport 
Energy is around 1460mSSTVD; however, our observation revealed that several Moonie wells 
showed initial oil production from DSTs with intervals below 1460mSSTVD and significant water 
recovery from DSTs with intervals above 1460mSSTVD.   
In addition, pressure transient analysis of DSTs in the 56 Sand from some Moonie wells showed 
characteristics of no flow boundaries.  In a similar context, large differences between the extrapolated 
reservoir pressures of nearby wells were noted from DSTs conducted in the same timeframe. These 
indications show that there is neither a clear field wide water leg or FWL in the 56 Sand nor clear 
lateral continuity of the oil saturation. Further investigation is still required to define the extent of what 
appears to be patchy 56 SAND distribution with matching patchy oil saturation. Further, there is 
potential for some well locations to have oil saturation in an intersected 56 Sand that fall on the same 
oil pressure gradient with the underlying 58 Sand (main reservoir) suggesting the possibility of local 
vertical continuity. 
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Figure 2 Summary of pressure transient analysis performed on DST data from Moonie wells that 
tested the 56 Sand (UQ-SDAAP Transition Zone). 
 
The current proposed virgin FWL in the 58 Sand main reservoir of the Moonie field is estimated to 
be1515 mSSTVD (Bridgeport Energy). We reviewed DSTs run on the 58 Sand in Moonie wells with 
the results summarised in Figure 3. Even though some DSTs indicated an “oil down to” slightly below 
1515 mSSTVD and “water up to” slightly above 1515 mSSTVD, the interpreted FWL at 1515 
mSSTVD seems sensible for the 58 Sand given that some intervals may be testing across the FWL 
resulting in mixed fluid recoveries.  
 UQ-SDAAP – Moonie oil field history match and re-evaluation 9 
 
 
Figure 3 Fluid type recovery shown from DSTs that tested the 58 Sand in the Moonie field. 
 
UQ-SDAAP analysed all 58 Sand well tests with sufficient pressure-time data to obtain an 
extrapolated formation pressure. These are presented on a pressure-elevation plot in the context of 
hydraulic heads as illustrated in Figure 4. Based on laboratory experiments, the Moonie field oil 
gravity is between 45-50 °API, which was used to draw appropriate oil pressure gradient lines on 
Figure 4.  Interestingly, the pre-production pressure data from the various DST’s and well tests that 
recorded an oil recovery did not all plot close to a single oil pressure gradient.  Thus, two separate oil 
gradient lines (with a slope based on the measured oil density at in situ condition) were used to frame 
the top and bottom edged of the relevant data. Various water pressure gradients are marked with a 
slope assuming formation water of 2000 mg/l salinity at in-situ conditions. These represent various 
key value of hydraulic head and pass through pre-production DST data points from wells that 
recorded water recoveries. 
These are 4 wells in the Moonie field that have water recoveries: the Moonie 12, 16, 24 and 25 wells.  
Of these wells that record information on the water leg at the base of the 58 Sand, the Moonie 12 and 
16 wells are pre-production and the Moonie 24 and 25 wells record water pressure after the start of 
production. Shown in Figure 3, the Moonie 12 and 16 wells are located on the edges of the field and 
have calculated hydraulic heads of 252 m and 233 m, respectively. We, thus, used water pressure 
gradient lines each representing various water hydraulic head values to estimate various possible 
FWL values for the Blocky Sandstone Reservoir. The assumed FWL used by both Santos and 
Bridgeport Energy for field history matching was 1515 mSSTVD. Figure 4 demonstrates that the FWL 
of 1515 mSSTVD when matched with the oil pressure gradient for the 58 Sand would require a water 
leg hydraulic head of between 258 and 278 m (depending on the assumed representative oil pressure 
gradient). This range of hydraulic head is higher than other value observed in the region of the 
Moonie field (see Garnett et al. 2019d, Section 4.5.2 for further details). The two hydraulic head 
values for water (corresponding to the two water pressure gradients could be interpreted as being one 
representative of the north (233 m head) and one for the south (252 m head) with a hydraulic barrier 
such as a fault separating them resulting in a different FWL in the north and south parts of the field.  
Bridgeport Energy did consider an E-W oriented fault dividing the field in their history match. If the oil 
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pressure data correspondingly were to define two different gradients in the north and south parts of 
the field, this would be considered quite definitive for a compartmentalised field, however this is not 
the case. An alternative interpretation is that there is a continuous hydraulic head gradient across the 
field from south to north (high to low hydraulic head between the Moonie 12 and 16 wells) and a 
continuous hydrocarbon phase with a tilted FWL. To frame the range of possible FWL values for the 
Moonie field, the combination of the two water pressure gradients and two oil pressure gradients give 
4 possible FWL estimates for the field (Figure 4) ranging between 1538 and 1735 mSSTVD. These 
will later be compared with the fault seal analysis to determine if one or the other of the possible FWL 
values is more likely given all the available data. 
Figure 4 Evaluation of FWL in Blocky Sand Reservoir using hydraulic heads calculated from DSTs 
in Moonie wells. 
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2.1.1 Moonie fault leak points analysis 
The Moonie field reveals different oil pressure gradients in a relatively small anticline where the range 
of possible FWL’s are poorly constrained. Some of the main factors that may impact on the 
differences are related to the calculation of kh and uncertainty on fluid recovery (more details are 
described in next section). In order to understand the possible structural control that could shed light 
on the various possible FWL values, a structural analysis of the main reservoir 58 (D-F) Sand (Blocky 
Sandstone Reservoir UQ-DSAAP) was carried out for each possible FWL value.  
Three of the 5 FWL values identified (one from Santos and Bridgeport Energy and 4 from the UQ-
SDAAP interpretation) are at 1515m (from Santos and Bridgeport Energy), 1538 and 1637m SSTVD 
(from UQSDAAP analysis above). The 1637m was used as a single deeper value to initially test the 
possibility of a range of the much deeper FWL values. The crest of the structure, based on Bridgeport 
maps at the top of the 58D Sand (Blocky Sandstone Reservoir UQ-DSAAP) is at 1480mSSTVD with a 
spill point level ~1550mSSTVD assuming that the fault is sealing. The structural elements are shown 
in Figure 5 Figure 6 Figure 7.  
A juxtaposition fault seal analysis for the Moonie fault was conducted to see the impact on potential 
connectivity across the fault (sand-sand contacts based on the throw distribution and the 
stratigraphy). The results highlighted two critical faults throws at ~40m and ~135m. These throws 
juxtaposes the 58D Sand on the hanging wall side with the 56 Sand and Boxvale Sandstone 
(Transition Zone) respectively on the footwall side of the structure (basin ward) (Details of the fault 
seal scenarios are presented in Gonzalez et al. 2019a). It is worth noting that the stratigraphic input 
for the juxtaposition assessment was based in the Moonie 41 well stratigraphy, which is one of the 
closest wells to the fault plane.  
The structural elements of the Moonie field and their association with the different FWL values are 
presented in: Figure 5 for a FWL of 1637 mSSTVD; Figure 6 for a FWL of 1538 mSSTVD and Figure 
7 for a FWL of 1515 mSSTVD. Figure 5 (A) illustrates the fault throw triangle analysis for juxtaposition 
fault seal assessment. The Fault triangle illustrates the juxtaposition scenarios at different throw 
values increasing every 20m towards the right site. The red circles denote the critical throws where 
sand-sand juxtaposition is observed. Figure 5 (B) exhibits the structural contour map for the top of the 
58D Sand with a contour interval of 10meters. The map illustrates the FWL (shaded area below 
~1637 mSSTVD with bright colours above), wells with water production (blue dots) and the key 
structural elements (crest of the structure, pinch-out of the 58 sand, structural spill points, Moonie fault 
throw, etc.). The Moonie fault is colour coded by throw values where the two critical throw values of 
juxtaposition leakage risk are red (between 120 and 140m throw) and orange (between 40 to 60m 
throw). Please note that the maximum throws are located in the central part of the fault segment. 
Figure 5 (C) is the pressure elevation plot depicting various interpreted FWL values. The integration of 
structural elements and the well pressure information at FWL 1637 mSSTVD shows that the Moonie 
field fluid recoveries are in disagreement with this FWL and any other ones that are deeper are not 
geological possible as it would also exceed the structural spill points. In addition, the wells with water 
production fall inside regions predicted to be oil saturated for this FWL value. The FWL of 1637 
mSSTVD or deeper is therefore considered unlikely to be correct. 
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Figure 5 Structural elements and pressure elevation data for the FWL interpreted at 1637 
mSSTVD. A: stratigraphic triangle analysis for fault throw scenarios. B: structural contour 
map for the top of the 58D sand highlighting in magenta the structural elements of the 
Moonie field in relation to the FWL. C: pressure elevation plot exhibiting the oil pressure 
gradient and the possible FWLs. 
 
 
The next shallower FWL is 1538 mSSTVD and the structural data integration is presented in Figure 6. 
Here the structural contour matching the FWL closely matches the observed fluid production from 
wells in the field within +-10 meters where minor uncertainty in the structure contour map could be 
related to time depth conversion. The most important point to highlight is that the 1538 mSSTVD FWL 
level touches the Moonie fault around the point it has ~130m of throw which coincides with an across 
fault leakage risk point from the juxtaposition analysis (58 sand against the Boxvale Sandstone). This 
coincidence together with the well fluid recoveries suggests that the interpreted FWL at 1538 
mSSTVD is most consistent with all the available data. 
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Figure 6 Structural elements and pressure elevation data for the interpreted FWL at 1538 
mSSTVD. A: stratigraphic triangle analysis for fault throw scenarios. B: structural contour 
map for the top of the 58D sand highlighting in magenta the structural elements of the 
Moonie field in relation to the FWL. C: pressure elevation plot exhibiting the oil pressure 
gradient and the possible FWLs. 
 
 
Lastly, the FWL 1515mSSTVD (Santos and Bridgeport Energy) results (Figure 7), show that the 
structure contour matching 1515 mSSTVD only has a small contact against the Moonie fault at a point 
with throws ranging from 80-110m where juxtaposition is favourable for across fault juxtaposition 
sealing (sand-shale). The water production wells are outside the area predicted to be water saturated 
(shaded area below the FWL and the bright colours above the FWL) however as previously noted 
some wells have be observed to produce oil from completions below this level. 
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Figure 7 Structural elements and pressure elevation data for the interpreted FWL at 1515 
mSSTVD. A: stratigraphic triangle analysis for fault throw scenarios. B: structural contour 
map of the top of the 58D sand highlighting in magenta the structural elements of the 
Moonie field in relation to the FWL. C: pressure elevation plot exhibiting the oil pressure 
gradient and the possible FWL. 
 
2.1.2 Estimation of permeability·thickness (k·h) from DSTs 
A limited number of wells (2 in Transition Zone and 4 in Blocky Sand Reservoir) experienced flow to 
surface naturally during DST operations. Thus, the recovered fluid rise in the testing tool string and 
were measured for the fluid type, volume and rate. 31 DSTs/Production Tests (PT) from 23 wells had 
somewhat interpretable pressure-time data sets which the UQ-SDAAP project could use for pressure 
transient analysis (PTA). Table 1 summarises the well name, the zone over which the DST/PT was 
performed, test interval and finally k·h value. We also reviewed the raw data, well completion reports 
and any obvious anomalies in the DST data. For tests with enough data, Horner and log-log derivative 
plots were analysed. This helped to evaluate the reliability of interpreted data and to determine 
whether they can be compared with petrophysical analysis and/or incorporated into the sector static 
model or not. As per data quality, one third of the DSTs listed in Table 1 are reliable, one third can be 
used with care taken to consider the uncertainty and the remaining DSTs are considered unreliable.  
Some significant uncertainties associated with some DST data and their respective PTA are listed 
follow: 
• Insufficient flow and shut-in time to reach a radial flow regime. It was more common for low 
permeability formations by delaying the commencement of the radial flow regime 
• Inadequate flow rate in high permeability formation to create enough pressure disturbance 
detectable by gauges, so the BU period consisted of a limited number of data points 
• Unclear type of fluid recovered during DST 
• Uncertain total volume of fluid that had risen up in the DST string due to an undefined DST 
pipe size/length and the potential for drilling mud existing in the wellbore prior to the test 
• Multiphase fluid flow in some DSTs contribute errors to understanding flow rate and fluid 
properties used during PTA 
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• Data points formed a radial flow region in the log-log derivative plot and were noisy in some 
DSTs, making it difficult to confidently draw a single horizontal (radial flow characteristic) line 
to represent radial flow 
• Mechanical failure during the DST such as a packer leakage causing anomalous features in 
the PTA plots 
Table 1 List of Moonie wells with pressure-time data from DST or PT and their estimated k·h 
values. 
 
  
Well
Transition Zone (TZ) or 
Blocky Sand Reservoir (BSR)
DST Interval (mMDKB) kh (mD.ft) data quality
2
Moonie 1 TZ
1724-1725.5
1719-1722.7
617
Moonie 2 TZ
1 1719.7-1729.1 2875.3
Moonie 3 BSR
1 1778.5-1787.7 2711.8
Moonie 8 BSR
1 1774-1780 397.5
BSR 1769.7-1774 2540
TZ 1731.8-1735 25.3
Moonie 15 TZ 1718.8-1726.4 73
Moonie 16 BSR 1785.2-1794.7 158
Moonie 19 TZ 1727.6-1738 14.4
Moonie 20 TZ 1721.2-1733.7 7805
Moonie 21 TZ 1716-1734.3 4.5
Moonie 23 BSR 1774.8-1780.7 1790
Moonie 24 BSR 1800-1806 27135
Moonie 25 BSR 1797.5-1803.5 1011.4
Moonie 26 BSR 1767.5-1770.3 562.8
Moonie 27 TZ 1717.8-1727 92.4
TZ 1723-1730.3 23.1
BSR 1766.3-1769.3 2589
TZ 1718.2-1723.6 68
TZ 1723.6-1728.2 1607.5
Moonie 31 TZ 1728.8-1733.4 28
TZ 1728.2-1733.7 985
TZ 1723.6-1728.2 534
BSR 1764.2-1767.2 1800
BSR 1770.3-1773.3 520
BSR 1773.3-1776.3 448
BSR 1774-1777 341
BSR 1777-1780 189.1
BSR 1771.8-1774.5 3747
Moonie 38 TZ 1720.6-1727 1739.2
Moonie 39 TZ 1719-1735.2 4110
2reliable data in green, data to be used with care in yellow and unreliable data in red.
1Production test
Moonie 13
Moonie 28
Moonie 29
Moonie 32
Moonie 33
Moonie 34
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2.1.3 History matching (HM) the Moonie field by Bridgeport Energy 
2.1.3.1 Model description 
Bridgeport Energy, the current operator of Moonie field, provided UQ with their recent static and 
dynamic models. Their static model has been reviewed by the UQ-SDAAP geoscience team and 
reported elsewhere (Gonzalez et al. 2019a and Harfoush et al. 2019c ). The areal size of the model, 
as shown in Figure 8, is about 7km wide and 11.5km long roughly the size of the Moonie 3D seismic 
volume but with the actual Moonie wells distributed in a much narrower area of about 2km x 9km. The 
original model consists of 72 layers in the equivalent of the UQ-SDAAP Blocky Sandstone Reservoir 
and 18 layers in the Transition Zone separated by a single impermeable shale layer. The grid cell 
sizes are 50mx50m in the X and Y directions with various thicknesses.  
Figure 8 Bridgeport Energy Moonie model area structure top of the 58 Sand depth map with 
inclusion of well locations and the Moonie fault. 
 
The total number of grid cells are 2,954,028 with only 518,963 being active above 1515 mSSTVD 
(estimated oil water contact). The cells located on the western side of the main fault as well as cells 
forming the Evergreen Formation and two shale layers were deactivated. Bridgeport also used a 
minimum cell pore volume of 10 reservoir barrels along with porosity cut off of 4.5% in order to 
deactivate more cells which have less impact on modelling of fluid dynamics in the reservoir and to 
improve the computation time for simulation runs. 
2.1.3.2 Fluid and rock properties 
Bridgeport Energy chose a reference pressure of 17450 kPa at 1515 mSSTVD for the 58 Sand Blocky 
Sand Reservoir and used the Newman equation (Newman, 1973) for a consolidated sandstone to 
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calculate rock compressibility of 4.764 E-06 psi-1 assuming the mean porosity of 13%. No 
experimental data were available for water PVT, so a McCain correlation (McCain, 1991) was utilised 
to calculate the Formation Volume Factor (FVF) for water. FVF of water was estimated to be 1.021 
res bbl/STB at a reference pressure of 17450 kPa and temperature of 69.5 °C. Figure 9 shows the 
Moonie oil PVT data, which were available from several Moonie wells and incorporated into the 
model.  
Figure 9 Viscosity and GOR (top) and FVF (bottom) for Moonie oil at the reservoir temperature 
(69.5 °C). 
 
 
Bridgeport Energy initially utilised oil and water relative permeability which was derived from 
experimental data. The data just consisted of end point relative permeabilities, which were then 
converted to relative permeability curves using Corey functions with an exponent of 2, as shown in 
Figure 10. The proposed relative permeability curves were later needed to be adjusted for better 
history matching of Moonie field production data. Figure 10 illustrates the final relative permeability 
and capillary pressure curves which were used during the history matching process.  
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Figure 10 Oil-water relative permeability curves derived from endpoint experimental data of Moonie 
well core plugs (274 mD and 1819 mD) (top) and Bridgeport Energy relative permeability 
and capillary pressure curves used during their History Matching (bottom). 
 
2.1.3.3 Bridgeport model initialisation and history matching results 
As described above, the reference pressure, fluid contacts and fluid and rock properties were defined 
in the model initialisation by Bridgeport Energy. A saturation height function derived from existing 
capillary pressure-water saturation curves from Moonie core plugs (Figure 10 bottom) were also 
incorporated into the model. This function was used by Bridgeport Energy to define the initial water 
saturation in the Moonie model based on the permeability assigned to individual cells in the static 
geological model and their vertical distance to the FWL. In Bridgeport Energy model, End Point 
Scaling was used where the reservoir simulation software (Eclipse) scales the relative permeability 
curves of each grid block according to the grid’s water saturation.  
The pressure measurements made in Moonie field over its production life indicate that the field 
pressure has dropped only about 1480 kPa over 50 years of production from its original value of 
17450 kPa at reference depth of 1515 mSSTVD. This suggests that there is a strong water drive 
mechanism operating in the Moonie field. Bridgeport Energy suggested using bottom and edge 
aquifers defined by a Carter-Tracy model where the aquifer radius was calculated based on the 
distance from the field centre to the edge of the producing field (about 2.5-3.0 km). The aquifer 
reservoir properties of: bulk permeability 200 mD, porosity 13% and radius of 3050m, were chosen 
based on the best history match result obtained from aquifer sensitivity analysis. Also, Bridgeport 
Energy included a full 50 years of historical production data and the dates at which operating 
conditions in the wells changed in order to history match the model against the observed data.  
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At field level, the final HM results reported by Bridgeport Energy shows that cumulative simulated oil 
and water production were matched closely with the field data. However, the oil and water rates 
simulated by the history matched model under predicted overall oil production rate and over predicted 
water production rate within first 2-3 years of production history. Figure 11 illustrates the comparison 
between the simulated and actual oil and water production rates/cumulative.   
Figure 11 Actual and simulated Moonie field oil and water production cumulative (left) and rates 
(right) by utilising Bridgeport original model. 
 
Even though the HM presented satisfactory outcomes at field level, the actual production data poorly 
matched with the simulation results when they were analysed on a well by well basis. There are 
limited Moonie wells which indicate a close match between actuals and the simulated oil and water 
productions during the last decade of the field life; however, as highlighted in Figure 12, most of the 
wells showed either “higher actual oil rate and lower water rate (Group A wells)” or “lower actual oil 
rate and higher water rate (Group B wells)” compared to HM results obtained by the Bridgeport 
Energy model.  
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Figure 12 The maps describing water saturation at the top of the Blocky Sandstone Reservoir 
showing Group A wells (top) and Group B wells (bottom) compared to the simulated 
results. 
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2.1.4 UQ-SDAAP history match scenarios – results and discussions 
The Moonie field data is the oldest oil field data in Australia and the field has been managed by 
various operators over its life and this has resulted in data having a high level of uncertainty. Thus, 
even though the efforts made by Bridgeport Energy to build and history match the model were 
considerable, more work is required to improve our understanding about the root cause of persistent 
mismatches. If these could be resolved, it would ultimately provide better understanding about 
geological complexity in Moonie field area. The findings may also have implications for modelling the 
South Central Surat Basin region where notional carbon storage sites have been identified (Garnett et 
al. 2019d). Thus, as described below, we undertook further investigation and tested several 
parameters that we believed may impact on the HM outcomes.  
2.1.4.1 Relative permeability 
In the absence of reliable laboratory based experimental data on reservoir core samples, oil-water 
relative permeability curves were considered to be one of the main uncertain parameter. Figure 13 
illustrates a few representative curves of many relative permeability curves that were examined during 
this study.  
Figure 13 Different oil-water relative permeability curves generated to reflect various possible 
reservoir wettability conditions. 
 
UQ-SDAAP ran several scenarios to assess their impact on the HM and the results showed that 
Bridgeport Energy defined relative permeability curves had the best history match for Group A wells. 
The UQ-SDAAP intermediate-wet relative permeability curves showed the best match for Group B 
wells as the system became more oil wet allowing less oil and more water to be produced. At the field 
scale, the original Bridgeport Energy curves resulted in the closest match between actual cumulative 
and simulated data. The results for both the field-scale and on a well by well basis are summarised in 
Figure 14. 
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Figure 14 The effect of oil-water relative permeability on simulated oil and water production rates: field oil production rate (top left), field water production 
rate (top middle), field cumulative oil production (top right), oil production rate for a well from Group A wells (bottom left) and oil production rate 
for a well from Group B wells (bottom right). Red circles are historical data, light brown line is Bridgeport Energy simulation, blue line is oil wet 
UQ-SDAAP simulation, green line is intermediate wet UQ-SDAAP simulation and purple line represents water wet UQ-SDAAP simulation.   
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2.1.4.2 Free Water Level (FWL) 
As described in section 0, the original FWL for the 58 Sand in the Moonie field could not be accurately 
defined. The FWL likely has a significant impact on history matching results by controlling stock tank original 
oil in place (STOOIP). We, therefore, utilised the original Bridgeport Energy static model and selected 
several FWLs ranged between 1512 and 1521 mSSTVD to create various distribution of initial water 
saturation scenarios and capture this uncertainty. Figure 15 shows the STOOIP variation as FWL values 
change in the model and obviously increase the STOOIP as the FWL becomes deeper.     
Figure 15 Calculated STOOIP at various FWLs for the Moonie field static geological model built by 
Bridgeport Energy. 
 
As highlighted in Figure 16, the Moonie dynamic model best matched to the historical data for Group A wells, 
excluding the early production period, when the Bridgeport Energy defined FWL of 1515 mSSTVD was 
applied; however, a FWL of 1514 mSSTVD showed a better match between actual and modelled data for 
Group B wells at the full field scale. It may hypothesise presence of two or more FWLs within the 58 Sand 
reservoir in the Moonie field. Further investigation is required to validate this hypothesis.   
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Figure 16 Various possible FWLs for the Moonie field simulated for sensitivity analysis for the production data history match. The static model was 
built by Bridgeport Energy. Field oil production rates (top left), field water production rate (top middle), field oil production cumulative (top 
right), oil production rate for a well from Group A wells (bottom left) and oil production rate for a well from Group B wells (bottom right). Red 
circles are historical data, light brown line is Bridgeport Energy original simulation result, blue line is FWL 1514 mSSTVD UQ-SDAAP 
sensitivity analysisl, green line is FWL 1512 mSSTVD UQ-SDAAP sensitivity analysis, purple line is FWL 1518  mSSTVD UQ-SDAAP 
sensitivity analysis and pink line is FWL 1521 mSSTVD UQ-SDAAP sensitivity analysis.    
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2.1.4.3 Poro-perm transform 
As described in Honari et al. 2019a, the UQ-SDAAP project interpreted wireline logs for selected of Moonie 
wells (wells with sufficient quality and number of petrophysical logs) to calculate petrophysical properties 
such as Net to Gross (NTG), Sw, porosity and permeability. Several porosity-permeability transforms were 
developed for various facies or groups of facies as described in Table 2.  
Table 2 UQ porosity-permeability transform for Moonie area categorised based on facies or groups of 
facies. 
Facies Permeability Equation 
SA KHCASE3_LIN = 10 ^ ( -2.30 * VSH + 14.05 * PHIT - 0.20) 
SB, SC, SD and SMA KH CASE3_LIN = 10 ^ ( -2.35 * VSH + 14.95 * PHIT - 1.04) 
Remaining facies KH CASE3_LIN = 0.01 mD (minimum permeability value measured in lab) 
Applying UQ-SDAAP porosity-permeability transforms to the Moonie model significantly reduced the average 
horizontal permeability (kh) of the 58 Sand from ~650 mD in the Bridgeport Energy model to ~85mD. Figure 
17 illustrates the difference between horizontal permeability histograms in the Moonie field model. Our new 
porosity-permeability transform reduced STOOIP in the 58 Sand by 30% caused by our lower horizontal 
permeability in grid blocks which resulted in lower oil saturation defined by the saturation height function. 
Further study is needed to verify which petrophysical description would better represent 58 Sand 
parameterisation in the Moonie field.  
Figure 18 illustrates the comparison between actual and simulated oil and water production data for a 
scenario that was run based on UQ-SDAAP horizontal permeability inputs. The model which was 
parameterised using our porosity-permeability transform showed significantly lower liquid production due to 
collectively low permeability values across the model and lower STOOIP. Some core observations have 
revealed the presence of (micro) fractures in the 58 Sand in the Moonie area (Pearce et al. 2019), which 
could partially explain the higher actual liquid production due to higher bulk permeability. Thus, the effect of 
(micro) fractures, which likely increase the horizontal permeability, needs to be captured in the Moonie static 
model.   
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Figure 17 Histograms of horizontal permeability for the 58 Sand of the Moonie model generated by the 
UQ-SDAAP porosity-permeability transform and the Bridgeport Energy original model (top) and 
their respective STOOIP values (bottom). 
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Figure 18 Moonie field oil production rate (top left), field water production rate (top left), field oil production 
cumulative (bottom). Red circles are historical data, light brown line and green line are for 
simulation runs with the Bridgeport Energy porosity-permeability model and UQ-SADAAP 
porosity-permeability transform, respectively.  
 
2.1.4.4 Aquifer scenarios 
The Bridgeport Energy model consists of both bottom and edge drive aquifers to be able to maintain the 
reservoir pressure at observed current high pressure. As our geological observation shows (La Croix et al. 
2019b there is a low permeability geological boundary at the bottom of Blocky Sandstone Reservoir (Base 
Surat Unconformity) in the Moonie field area (equivalent to the 58 Sand) so that no bottom drive aquifer can 
be justified. Thus, UQ-SDAAP removed the bottom aquifer from the model and ran a sensitivity analysis by 
using edge aquifers with various strengths. Figure 19 describes the model with no bottom aquifer and 
assuming that the Moonie fault is sealing.  
In the absence of a bottom aquifer, the edge aquifer with original model properties was not sufficient to 
match the simulated oil and water production rates against the field data. Thus, the aquifer strength was 
increased by changing the aquifer permeability from 200 mD to higher values (sensitivity runs for aquifer 
permeability ranged between 500 mD-200,000 mD). As shown in Figure 20, an edge aquifer with 
permeability of 500 mD can generate comparable results to the original bottom/edge aquifer arrangement. 
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Figure 19 Map of the Moonie area 58 Sand top depth map with the location of edge aquifers in the model. 
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Figure 20 Moonie field oil production rates (top left), field water production rate (top middle), field oil 
production cumulative (top right), oil production rate for a well from Group A wells (bottom left) 
and oil production rate for a well from Group B wells (bottom right). Red circles are historical 
data, light brown line is simulated data generated by the original Bridgeport Energy aquifer 
model and green line is simulation results generated by the UQ-SDAAP modified aquifer model 
with no bottom aquifer and a 500mD permeability for edge aquifers. 
 
Some sensitivity analysis were conducted for other uncertain parameters to evaluate their impact on history 
matching results. The cases investigated were: a leaky fault, connectivity between the 56 and 58 Sands, no 
end point scaling and using the equilibrium function to generate the initial water saturation. The HM results 
indicate some improvement on a well by well basis but larger discrepancy on the bulk field scale.   
2.1.5 Evaluation of CO2 EOR potential for Moonie field 
A potential CO2 EOR pilot project at the Moonie field is being considered by Bridgeport Energy to be 
commenced in 2019. In the event of convincing results from the dynamic simulations as well as a successful 
pilot scale trial, Bridgeport Energy may then perform full field CO2 EOR work with CO2 to be sourced from a 
local power station and/or an ethanol plant.  
Rivas et al. (1994) proposed optimum values (listed in Table 3) for certain reservoir and oil properties 
required for successful CO2 EOR performance. The criteria suggest that reservoirs that have two parameters 
different from the optimum values could still be acceptable (Rivas et al., 1994, Shaw and Bachu, 2002). 
Initial screening of the reservoir properties at the Moonie field indicates that it may be suitable.   
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Table 3 List of high-level criteria to assess suitability of the Moonie field for CO2 EOR (values are based 
on Rivas et al. (1994) and Shaw and Bachu (2002)). 
 
Based on laboratory results, CO2 and Moonie oil at reservoir conditions have comparable densities, whereas 
oil viscosity is significantly higher than CO2 viscosity (Figure 21), which means there is a poor mobility ratio 
and that viscous fingering during the CO2 EOR process can be expected. Figure 21 also shows that Moonie 
oil in the presence of CO2 generates favourable conditions of oil swelling that can reduce the oil viscosity, 
beneficial for CO2 EOR. Based on laboratory data, Moonie oil viscosity decreases by 57% when it coexists 
with 30% CO2 saturation, improving the mobility ratio. The current Moonie field pressure is about 15,960 kPa 
at reference depth of 1515 mSSTVD and the estimated minimum miscible pressure (MMP) of Moonie oil and 
CO2 is between 11,380 kPa and 15,960 kPa suggesting that CO2 EOR at the Moonie field would be a 
miscible process. 
Figure 21 Density (top left) and viscosity (top right) of Moonie oil (blue) and CO2 (orange) at reservoir 
temperature and pressure; Moonie oil viscosity (bottom left) and swelling (bottom right) at 
various CO2 concentrations (Allan, 2018). 
 
Criteria Ideal Reservoir for CO2 EOR (Rivas et al. 1992) Moonie
Reservoir Pressure >7,500 KPa; 1,380 KPa+ >MMP 15,960 KPa; 0 to 4,600 KPa > MMP 
a
API Gravity >37° 43.1°
Oil Saturation >60% 20% to 30%
Porosity >20% 17%
Permeability >300mD 658mD
a  Assuming MMP between 11,375 KPa and 15,960 KPa (Described in figure below). 
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2.1.5.1 Model description and new inputs for CO2 EOR simulation 
For the purpose of the UQ-SDAAP project, a sector model for simulation a CO2-EOR flood was built from the 
Bridgeport Energy full field model with the Moonie 27 well as the CO2 injecting well and the Moonie 11, 15, 
21, 22, 34 and 44 wells as the producing wells (shown in Figure 22). The model size is 51x45x72 grid cells in 
the X, Y and Z directions and the parameterisation remain unchanged compared with the full field model.  
Figure 22 Moonie Bridgeport Energy full field model (left) and the UQ-SDAAP sector model used for CO2 
EOR evaluation (right). 
 
Water properties used during this simulation were similar to the full field model; however, oil properties were 
changed to the new PVT data from the Moonie 29 well measured in the laboratory as described in Figure 23. 
The CO2 properties included in the sector model were calculated using PVTi at reservoir temperature and 
pressure.   
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Figure 23 Moonie Oil FVF (left) and viscosity (right) used in the Bridgeport Energy full field model (grey) 
and the UQ-SDAAP sector model (blue) (Allan 2018). 
 
 
End point scaling was also removed during the sector model simulation for simplicity and oil-water relative 
permeability curves were slightly adjusted to better align with history matching results for the sector model. 
Since no explanation was provided regarding oil-gas relative permeability curves proposed for the full field 
Bridgeport Energy Moonie model, Corey functions were utilised to generate oil-gas relative permeability 
curves. A range of exponents suggested by McPhee et al. 2015 and listed in Table 4 were used to create oil-
gas relative permeability curves to run low, base and high cases (shown in Figure 24).  
Table 4 Parameters proposed by McPhee et al 2015 to generate three oil-gas relative permeability 
curves shown in Figure 24. 
 
Parameter Base High Low
Critical gas saturation (Sgc) 3.5% 2% 5%
Residual oil saturation (Srog) 5% 0% 10%
Endpoint gas relative permeability (Krg') 1 1 1
Oil Corey (No) 5.5 4 7
Gas Corey (Ng) 2.15 3 1.3
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Figure 24 Oil-CO2 relative permeability curves used for CO2 EOR scenarios in the UQ-SDAAP sector 
model along with the curves proposed by Bridgeport Energy for the full field model (grey) (Allan 
2018). 
 
2.1.5.2 CO2 EOR results and discussions 
After the history matching of the UQ-SDAAP sector model, CO2 EOR scenarios were simulated in a 
compositional reservoir simulator (Eclipse 300) by injecting CO2 into the Moonie 27 well where the injection 
process was controlled by limiting the CO2 rate to 3 MMscf/day and bottom hole pressure (BHP) to 90% of 
the fracture pressure. With no fracture pressure data in the Moonie area, a fracture gradient of 1.0 psi/ft was 
assumed, which is a typical value for the Surat Basin (Rodger et al. 2019a). All CO2 EOR scenarios started 
with CO2 injection in 2019 and terminated by the end of 2026 when 0.5 US tons (cumulative) of CO2 was 
injected. The phase behaviour during the CO2 injection process was described by a 3-parameter Peng 
Robinson model, which was developed by a PVTi and Lohrenz-Bray-Clark correlation, was utilised to define 
the fluid viscosity in the model. 
The incremental oil recovery reported for different cases is made in comparison with the current continued 
operation case (strong water-drive mechanism). The base case was established by optimisation of GOR 
maximums and perforation locations per well, and then this was used for a series of sensitivity analysis 
described below. Our results show that a GOR maximum of 15 Mscf/STB along with perforations in the 
upper layers of the injector and lower layers of the producers, could minimise the CO2 production and 
maximise the incremental oil recovery.  
A 20-year CO2-EOR case was set up to compare the UQ-SDAAP model results against the continued 
operation case. As shown in Figure 25, incremental oil recovery during the CO2 EOR process increased in 
the first 12 years of CO2 injection and reached 4.1% (the oil production changed from 51 STB/day to 699 
STB/day at the peak rate). After 12 years of production, the incremental oil recovery began to decline and 
the oil production rate for continued operations (past 12 years) exceeded that of the CO2 EOR scenario. 
Thus, the current Moonie UQ-SDAAP sector model shows that 12 years of CO2 EOR would be the optimum 
duration compared to what can be achieved by the current continued operation case.   
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Figure 25 Moonie UQ-SDAAP sector model performance at different times during a 20-year CO2 EOR 
injection scenario (left) and oil production rate on a well by well basis compared to the continued 
operation case (right) (Allan 2018). 
 
Several cases with CO2 injection rates ranging between 2 to 5 MMscf/day were run to determine the 
optimum rate. The rate sensitivity analysis was conducted by keeping the total volume of injected CO2 
constant and varying the injection duration in order to create different CO2 injection rate scenarios. It shows 
that the optimal CO2 injection rate was around 2.5 MMscf/day, which results in the best sweep efficiency and 
subsequently the highest incremental oil recovery. The BHP for all cases investigated was below 90% of the 
fracture pressure and the average reservoir pressure remained above the bubble point pressure.   
The effect of various degrees of vertical communication in CO2 EOR performance was also examined by 
running kv/kh of 0.15 and 0.60 as low and high cases compared against the base case average kv/kh value of 
0.27. Incremental oil recovery was improved by 5% for the base case and decreased by about 10% for low 
and high cases, respectively, where CO2 was injected at the optimum rate of 2.5 MMscf/day. The oil 
saturation change during the CO2 injection period indicates that low permeability streaks in low case (kv/kh of 
0.15) reduces the vertical communication between the reservoir layers resulting in less upward CO2 
migration and better sweep efficiency. However, the high case created better vertical connectivity and 
caused overall poorer sweep efficiency.  
In the absence of experimental CO2-oil relative permeability data for the Moonie field, a series of cases with 
different CO2-oil relative permeability curves were run as a sensitivity analysis. Four input parameters in 
Corey functions, as shown in Table 4, were changed where the higher and lower cases generated an 
incremental oil recovery of 9% higher and lower than the base case (described in Table 4), respectively. The 
oil recovery improvement for the high CO2-oil relative permeability case caused by more dominant viscous 
forces compared to the base case; however, gravitational forces became dominant for the low CO2-oil 
relative permeability case due to higher CO2 mobility, which resulted in lower oil recovery. Figure 26 
summarises the impact of parameters investigated during this sensitivity analysis indicating that CO2 
injection duration and rate are the most sensitive parameters and kv/kh is the least sensitive.  
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Figure 26 Tornado plot of sensitivity runs for the Moonie UQ-SDAAP sector model (Allan 2018). 
 
 
3. Conclusions/future work/lessons learnt from Moonie 
field for UQ-SDAAP 
• No clear water leg or consistent FWL in the 56 Sand was identified.  
• DSTs/PTs analysis showed that there is no significant lateral continuity in the 56 Sand and it is likely 
to be patchy sand body distributions in Moonie area. 
• A pressure-elevation plot generated from DST extrapolated reservoir pressure data indicates some 
interpretive uncertainty for the FWL assumed by Bridgeport Energy to be at 1515 mSSTVD for the 
58 Sand. A different FWL in the south and north parts of the reservoir or a tilted FWL in the 58 Sand 
may occur.  
• Several parameters were varied to attempt a better history match to production data including oil-
water relative permeability curves, FWL, the porosity-permeability transform, aquifer properties, 
assuming a leaky fault, assuming connectivity between the 56 and 58 Sands and no end point 
scaling. No single parameter could improve the overall field HM results and though some 
improvements to well by well history matching was observed.  
• There have been some concerns in Bridgeport static model which need to be addressed such as 
sealing fault, very high permeability values and no permeable shaly layer between Blocky Sand and 
Evergreen Sand in Transition Zone (future work).  
• Model initialisation reported by Bridgeport Energy requires further investigated especially regarding 
the methodology used to create the initial water saturation and in applying a bottom drive aquifer in 
the model (future work). 
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